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Abstract

Background: Breast carcinoma is a malignancy that occurs from breast cells that grow and continue to
proliferate uncontrollably. Mucin 1 (MUCL) has become a topic of interest in cancer treatment due to its
upregulation, which affects the invasion, proliferation, and survival of tumor cells, by reducing cells
adhesion and extracellular cell-matrix adhesion.

Objective: To analyze the correlation between the immunohistochemical expression of Mucin 1 (MUC1)
with histopathological grading and molecular subtypes in invasive breast carcinoma.

Methods: Formalin-fixed tissue paraffin blocks from 42 patients with invasive breast carcinoma were used
as research samples and Mucin 1 (MUCL1) immunohistochemical staining was assessed. The correlation
between Mucin 1 (MUCL1) expression and histopathological grading and molecular subtypes was analyzed
by statistical tests using the SPSS program.

Results: Of the 42 samples studied, for the age group, the most found were in the age group 40-49 years
and the age group 50-59 years (each with 35.7%), while the age group 20-29 years was the least (2.4%).
The most histopathological subtypes were invasive carcinoma of no special type (85.7%), with grade 2
being the most common (42.8%). The most common molecular subtype was luminal B (40.5%). Mucin 1
(MUC1) was expressed in 73.8% of invasive breast carcinoma specimens.

Conclusion: There is a significant unidirectional correlation between the immunohistochemical expression
of Mucin 1 (MUCL), either with histopathological grading or with molecular subtypes in invasive breast
carcinoma (p-value were 0.027 and 0.010, respectively).
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1. Introduction

Breast cancer is the most commonly diagnosed cancer in women globally, and it has remained an
important health challenge for decades, with an estimated 2 million new cases diagnosed and more than half a
million deaths. This shows that breast cancer has proven to be a major barrier to increasing life expectancy
worldwide [1]. Breast cancer itself is a malignancy that occurs from breast epithelial cells that grow and
continue to proliferate uncontrollably [2].

Based on data from the Global Burden of Cancer (GLOBOCAN) in 2018, it was found that breast cancer
ranks 2nd most of all cancers in the world with 2,088,849 new cases (11.6%) accompanied by a death rate of
626,279 cases, while in Indonesia breast cancer ranks first with 58,256 new cases (19.8%) and is also the
leading cause of death in women with 22,692 cases (12.75%) [3,4].

Breast cancer shows a heterogeneous disease from various entities with different morphological
appearances and natural characteristics. Breast cancer in recent years, it has been proven that this diversity is
caused by genetic changes [5].
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Mucin 1 (MUC1) is a single pathway type | transmembrane glycoprotein expressed only on the apical
surface of normal gland and ductal epithelial cells, is a potential target for cancer therapy, and as a 2nd rank
cancer vaccine target among 75 other cancer antigens identified. assessed by the National Cancer Institute [6].
This rating is based on the aberrant glycosylation pattern of tumor-specific MUC1 in various forms of
adenocarcinoma. Aberrant glycosylated MUCL is overexpressed on the entire surface of tumor cells, in
contrast to apical expression in normal cells [7]. Due to aberrant glycosylation, T-cell and B-cell epitopes on
the peptide backbone are now accessible, forming the tumor-associated MUCL1 antigen. Correspondingly,
several clinical and preclinical studies have studied MUC1-mediated immunotherapy and cancer vaccination
(reviewed in other organs, such as the lung) [6,8].

In many tumor types, MUCL expression correlates with cell aggressiveness, metastasis, poor response to
therapy, and poor survival. Although MUC1 expression is limited to the apical surface of the most ductal
epithelium, in metastatic disease, MUC1 is overexpressed and becomes localized throughout the cell [9].
MUCL1 overexpression in breast cancer is the result of genetic alterations and transcriptional dysregulation.
The MUCL1 gene is located on chromosome 121, a frequently altered site in breast cancer cells [10].

Aberrant overexpression of MUCL is associated with angiogenesis and chemoresistance in cancer. Thus
MUCL has a role in tumorigenesis, progression, and metastasis, serving as a prognostic factor [11]. In the
United States, of the 1.4 million tumors diagnosed annually, approximately 0.9 million overexpress MUC1.
Therefore, due to its ubiquity and role in cancer development, it has become an important target in the
development of new therapies [12].

There are several studies regarding the correlation between MUC1 expression and the histological grade of
breast carcinoma, which showed different results, including according to a study conducted by Manu et al.,
who found that there was no significant correlation between positive-expressed MUCL1 and histological grade,
although there was a tendency for MUC1 to be expressed positively, that cases with positive MUC1
expression were dominated by higher grades [6]. This contrasts with studies conducted by Kim et al., Syed et
al., and Do et al., which showed that positive MUC1 expression was often associated with a lower grade of
breast carcinoma [13-15].

Molecular subtypes in breast carcinoma are known to be associated with the prognosis of breast cancer
patients, showing that luminal A has the best prognosis and basal-like or triple-negative has the worst
prognosis [16]. According to Tan et al., heterogeneity of molecular subtypes in triple-negative breast cancer
(TNBC) can influence cancer therapy and aggressiveness [17]. MUCL expression is seen in all subtypes of
breast cancer, including luminal, HER2+ (Human epidermal growth factor receptor 2), and basal, although in
each of these cancer types, expression is highest in metastatic tumors [9].

This study aims to analyze the correlation between the immunohistochemical expression of Mucin 1
(MUC1) with histopathological grading and molecular subtypes in invasive breast carcinoma.

2. Material and Methods

Researchers examined 42 samples from invasive breast carcinoma at H. Adam Malik Hospital Medan
which were diagnosed histopathologically by hematoxylin-eosin (HE) staining. This study is an analytical
study with a cross-sectional approach to assessing the characteristics and immunochistochemical expression of
MUC1, starting from January 2021 to October 2021. This research has been approved by the Ethics
Committee for Health Research Implementation, Faculty of Medicine, Universitas Sumatera Utara with the
number: 443/KEP/USU/2021. This study displays the characteristics of the sample, namely age,
histopathological subtype, histopathological grading, molecular subtype, and Mucin 1 (MUC1) expression.
The sample used is a sample that conforms to the inclusion and exclusion criteria. Inclusion criteria were all
slides and paraffin blocks originating from post-mastectomy breast tissue diagnosed as histopathologically
representative invasive breast carcinoma after staining with hematoxylin-eosin (HE) at H. Adam Malik
Hospital Medan and having medical record data that included ER, PR, HER2, and Ki-67
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immunohistochemical examination data in patients with invasive breast carcinoma. Exclusion criteria were
slides and paraffin blocks derived from core biopsy and lumpectomy of breast tissue diagnosed as
histopathologically invasive breast carcinoma, slides and paraffin blocks that could not be re-evaluated or re-
cut for examination with MUC1 immunohistochemical, and incomplete ER PR, HER2, and Ki-67
immunohistochemical examination data.

The immunohistochemical expression of MUCL1 in this study was categorized into negative and positive. It
is said to be negative if MUC1 expression does not appear brown or appears brown in the cell membrane and
or of cytoplasm <10% of tumor cells. And it is said to be positive if MUC1 expression appears brown in the
cell membrane and/or cytoplasm >10% of tumor cells [18].

3. Results

This study involved 42 samples diagnosed histopathologically as invasive breast carcinoma that had met
the inclusion criteria and exclusion criteria were collected until the number of samples was sufficient based on
the minimum sample size. All samples were post-mastectomy preparations at H. Adam Malik Hospital
Medan. Data on molecular subtypes (ER, PR, HER2, Ki-67) are secondary data from medical record data
(pathology archive). In this study, the youngest patient with invasive breast carcinoma was 23 years old, while
the oldest patient was 70 years old, with a mean age of 48.1 years, and a median age of 48.5 years. For the age
group, the most found were in the age group 40-49 years and the age group 50-59 years, each with 15 cases
(35.7%), while the age group 20-29 years was the least, namely 1 case (2.4%) (Table 1).

Based on Table 1 below, the majority of the samples were subtypes of invasive breast carcinoma of no
special type, 36 cases (85.7%), followed by invasive lobular carcinoma with 4 cases (9.5%), and mucinous
carcinoma with 2 cases (4.8%). Meanwhile, other subtypes were not found in this study. In histopathological
grading, the most common was grade 2 with 18 cases (42.8%), and the least encountered was grade 3 with 11
cases (26.2%). The most common molecular subtypes were luminal B with 17 cases (40.5%). Meanwhile, the
least triple-negative molecular subtypes were found, namely 3 cases (7.1%). The immunohistochemical
expression of Mucin 1 (MUC1) which was displayed on the cell membrane and/or cytoplasm of tumor cells,
was found to be negative in 11 cases (26.2%). While positive expressions were found in 31 cases (73.8%).

Figure 1. MUC1 immunohistochemical staining in invasive breast carcinoma. A. Negative MUCL1 expression. B. Positive MUC1
expression.
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Table 1 Frequency distribution of characteristics of invasive breast carcinoma

Sample characteristics Total Percentage
(n) (%)
Age (years)
20-29 1 2.4
30-39 7 16.7
40-49 15 35.7
50-59 15 35.7
>60 4 9.5

Histopathological subtypes
Invasive breast carcinoma of no special type 36
Invasive lobular carcinoma 4
Invasive tubular carcinoma 0
Cribriform carcinoma 0
Mucinous carcinoma 2 4.8
Mucinous cystadenocarcinoma 0
Invasive micropapillary carcinoma 0
Carcinoma with apocrine differentiation 0
Metaplastic carcinoma 0

Histopathological grading

Grade 1 13 31.0

Grade 2 18 42.8

Grade 3 11 26.2
Molecular subtypes

Luminal A 8 19.1

Luminal B 17 40.5

HER2 enriched 14 333

Triple-negative 3 7.1
Mucin 1 (MUC1) immunohistochemical expression

Negative 11 26.2

Positive 31 73.8

The frequency distribution of Mucin 1 (MUC1) immunohistochemical expression based on
histopathological subtypes, it was found that from 42 samples showed invasive breast carcinoma of no special
type the most were unexpressed/negative, namely 9 cases (21.4%), followed by invasive lobular carcinoma
with 2 cases (4.8%), and in mucinous carcinoma, there were no case with negative expression (0.0%). For
positive expression Mucin 1 (MUC1) was most commonly found in the subtype of invasive breast carcinoma
of no special type with 27 cases (64.3%). While invasive lobular carcinoma and mucinous carcinoma each
expressed positively with 2 cases (4.8%). An assessment of the correlation between the immunohistochemical
expression of Mucin 1 (MUC1) and histopathological subtypes was carried out using the Spearman's
statistical test, and the results did not find a significant correlation between the two, where the p-value was
0.746 (p-value > 0.05) (Table 2).
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Table 2 Frequency distribution of Mucin 1 (MUC1) immunohistochemical expression based on histopathological subtypes in
invasive breast carcinoma

Mucin 1 (MUC1) Histopathological Subtypes Total p-Value
Immunohistochemical
Expression Invasive breast Invasive Mucinous

carcinoma of no lobular carcinoma

special type carcinoma

n % n % n % n %

Negative 9 21,4 2 48 0 0,0 11 26,2
0,746

Positive 27 64,3 2 48 2 48 31 73,8

Based on Table 3 below, from 42 samples, the positive expression of Mucin 1 (MUCL)
immunohistochemical was found at most in grade 2 with 14 cases (33.3%), followed by grade 3 with 10 cases
(23.8%), and grade 1 with 7 cases (16.7%). As for the negative expression of Mucin 1 (MUC1), it was found
that the most common was found in grade 1 with 6 cases (14.3%), followed by grade 2 with 4 cases (9.5%),
and grade 3 with 1 case (2.4%). %). In this study, an assessment of the correlation between the
immunohistochemical expression of Mucin 1 (MUC1) and histopathological grading in invasive breast
carcinoma was carried out. From the results of Somers'd statistical test, it was found that the p-value was
0.027 (p-value <0.05). These results indicate that there is a significant unidirectional correlation between the
immunohistochemical expression of Mucin 1 (MUC1) and histopathological grading in invasive breast
carcinoma.

Table 3 Frequency distribution of Mucin 1 (MUC1) immunohistochemical expression based on histopathological grading in
invasive breast carcinoma

Mucin 1 (MUCL1) Histopathological Grading Total p-Value
Immunohistochemical
Expression Grade 1 Grade 2 Grade 3
n % n % n % n %
Negative 6 14,3 4 9,5 1 2,4 11 26,2
0,027
Positive 7 16,7 14 33,3 10 238 31 73,8

Table 4 Frequency distribution of Mucin 1 (MUC1) immunohistochemical expression based on molecular subtypes in invasive
breast carcinoma

Mucin 1 (MUC1) Molecular Subtypes Total p-Value
Immunohistochemical
Expression Luminal A Luminal B HER2 Triple
enriched negative
n % n % n % n % n %
Negative 3 7,1 7 16,7 1 2,4 0 0,0 11 26,2
0,010
Positive 5 11,9 10 23,8 13 309 3 71 31 73,8
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The results of the study on the immunohistochemical expression of Mucin 1 (MUC1) with molecular
subtypes from Table 4 show that from 42 samples, the most positive expression was found in the HER2
enriched molecular subtype with 13 cases (30.9%), followed by luminal B with 10 cases (23,8%), luminal A
with 5 cases (11.9%), and triple-negative with 3 cases (7.1%). For immunohistochemical expression of
negative Mucin 1 (MUCZ1), the most found in molecular subtype luminal B with 7 cases (16.7%), followed by
luminal A with 3 cases (7.1%), HER2 enriched with 1 case (2.4% ), while the triple-negative was not found
(0.0%). Based on the Somers 'd statistical test, the p-value was 0.010 (p-value > 0.05), this result showed a
significant unidirectional correlation between the immunohistochemical expression of Mucin 1 (MUC1) and
the molecular subtypes in invasive breast carcinoma.

4. Discussion

In this study, from 42 samples of invasive breast carcinoma, the most common age group was 40-49 years
old and 50-59 years old (35.7 each), while the age group 20-29 years was the least ( 2.4%). The results of this
study are in line with research from Fandini, with the 40-49 year age group being the most common (37.7%),
and the 20-29 year age group is the least (1.8%) [19]. This is in accordance with the literature statement,
which states that the age of over 30 years will show an increased risk of developing invasive breast carcinoma
compared to women under the age of 30 years, although this carcinoma can occur at any age [2].

Breast cancer is a heterogeneous group of neoplasms containing various cancers, characterized by very
different biological characteristics, clinical course, and prognoses. Most breast cancers are invasive, and there
are several histopathological subtypes of invasive breast cancer. The most common histopathological subtype
of breast cancer is invasive breast carcinoma of no special type (NST). No special type is a group of cancers
that do not show certain specific features of other histological types of breast cancer. Approximately 8 out of
10 invasive breast cancers are invasive breast carcinoma NST [20,21]. This statement is in accordance with
the results of the research conducted, namely the histopathological subtype of invasive breast carcinoma NST
as the most common subtype (85.7%).

Breast cancer is the most studied malignancy. Despite improvements in the treatment of this cancer, breast
cancer is still a major cause of mortality and morbidity among women with cancer. This can be caused by
many factors, and one of them can be caused by the occurrence of resistance to treatment and inadequacy of
treatment, or in cancer where distant metastases have occurred so that it is in an advanced stage. Although
efforts are underway to identify the factors responsible for the aggressiveness of these cancers, the molecular
events underlying the development of these cancers remain unclear. Mucins have emerged as important
molecules in the development and metastasis of breast cancer. An expression change, glycosylation, is
currently being actively studied to better understand its role in breast cancer pathogenesis. Current and
emerging evidence suggests that mucins are differentially expressed during the development and metastasis of
breast cancer, and thus, could be very useful both in early detection and/or predicting the prognosis of breast
cancer [22].

This study was conducted to find the correlation between the immunohistochemical expression of MUC1
which is a mucin family with invasive breast carcinoma, in this case, related to histopathological grading and
molecular subtypes. Previously, many studies were carried out related to MUCL in cancer, one of which was
breast cancer as previously mentioned above, and this continues to be developed in the form of research, to
find the best management in order to get a good clinical outcome. MUC1 expression in cancer is changed
from being confined to the apical surface to being expressed throughout the cell surface, and this expression
may play a role in the occurrence of metastasis in cancer. From the results of this study, it was found that as
many as 73.8% of patients with invasive breast carcinoma expressed positive MUC1. With the finding of
73.8% MUC1 immunohistochemical expression, it is possible for these patients to have a poor prognosis in
the future.
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In this study, statistical tests were conducted to examine the correlation between MUC1
immunohistochemical expression and histopathological grading in invasive breast carcinoma. The results
obtained showed a significant unidirectional relationship (p-value = 0.027). These results are in line with the
research conducted by Rakha et al., with the results obtained a significant correlation between MUC1
immunohistochemical expression and histopathological grading in invasive breast carcinoma (p-value <0.001)
[23]. In several other studies, results were not in line with this study, namely the research conducted by Manu
et al., Do et al., and Patel et al., where the results showed that there was no significant correlation (with p-
values of 0.889; 0.077; and 0.153) [6,15,24].

Altered mucin expression has been reported to be associated with cancer progression, which in turn affects
cell growth, differentiation, transformation, adhesion, invasion, and immune surveillance. Mucin 1 (MUC1) is
the most studied in breast cancer. Several research groups have revealed that mucin has an important role in
pathological conditions and has great potential as a prognostic marker, and as a therapeutic target in breast
cancer. MUCL1 is one of the best mucin families concerning its role in signal transduction in breast cancer
cells. Overexpression of MUC1 in breast cancer cells has been shown to block cell death in response to
oxidative stress, DNA damage, hypoxia, induce anchorage-independent growth, and tumorigenicity [22]. The
finding of a significant unidirectional correlation between MUC1 immunohistochemical expression and
histopathological grading indicates that MUCL expression can detect early breast cancer prognosis more
accurately, where the higher the histopathological grading, the more MUC1 will be expressed, and vice versa.
So, the more expressed MUCL1 the worse the prognosis for patients with invasive breast carcinoma, and vice
versa.

The results of this study also looked for the correlation between MUC1 expression and molecular subtypes
using the Somers'd test, and the results showed that there was a significant unidirectional correlation between
MUC1 immunohistochemical expression and molecular subtypes (luminal A, luminal B, HER2 enriched,
triple-negative) in invasive breast carcinoma (p-value = 0.010). This indicates that the worse the molecular
subtype, the more MUCL is expressed, and vice versa. The results of this study are not in line with the
research conducted by Elseed et al., which showed that there was no significant correlation (p-value = 0.5).
Meanwhile, according to a study conducted by Manu et al., there was a significant correlation between MUC1
expression with HER2 enriched and triple-negative molecular subtypes (p-value = 0.01 and <0.05), but there
was no significant correlation with luminal A and luminal B (p-value = 0.828 and 0.787) [6,25].

Women with tumors showing ER, PR, and HER2 negative (triple-negative) did not receive additional
maintenance therapy after adjuvant chemotherapy. This is an important consideration because triple-negative
breast cancer is associated with a more aggressive phenotype and has a higher risk of distant metastases and
decreased survival. Given the high risk of recurrence associated with early-stage triple-negative breast cancer,
it would be advantageous to adopt preventive strategies, including immunotherapy to reduce the risk of
recurrence. The success of an immune-based approach to breast cancer therapy depends on the identification
of a broadly expressed tumor antigen that can be targeted at breast cancer cells, and MUCL1 is that target,
expressed in many adenocarcinomas that can induce a specific immune response [26].

As mentioned above, breast cancer still shows high mortality and morbidity today. This could be due to
the occurrence of treatment resistance. And one of the causes could be due to aberrant MUC1 expression due
to overexpression in breast cancer. The hydrophilic extracellular VNTR area of MUC1 and its high
glycosylation can prevent hydrophobic chemotherapy drugs from crossing the membrane and into the cell.
MUC1 expression in breast cancer cells with circulating metastases correlates with a lack of treatment
effectiveness. In breast cancer patients with no positive MUC1 found, it will show tumor cells respond better
to chemotherapy [27,28]. By obtaining a significant unidirectional correlation between MUC1
immunohistochemical expression and molecular subtypes in this study, it can be estimated that this invasive
breast carcinoma patient may undergo treatment resistance. Understanding the resistance mechanisms
involving mucins will contribute to the development of targeted therapies, and can help in prevention because
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of their potential as tumor biomarkers to direct therapeutic options towards potentially more successful
therapies, and can avoid more aggressive alternative therapies, which will fail [29].

5. Conclusion

From the results of this study, it was found that the immunohistochemical expression of Mucin 1 (MUC1)
was positive in 73.8% of invasive breast carcinomas, and there was a significant correlation between the
immunohistochemical expression of Mucin 1 (MUCL1) with histopathological grading and molecular subtypes
of invasive breast carcinoma. The results of this study indicate that MUC1 can be used as one of the
predictive factors for an accurate prognosis of invasive breast carcinoma, as well as one of the therapies in the
form of anti-MUCL, especially in triple-negative molecular subtypes that can be used, either in the form of
targeted therapy or immunotherapy to prevent the occurrence of treatment resistance and recurrence in
invasive breast carcinoma.
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